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Centrioles are critical cellular components that form the architectural core of both centro-
somes and basal bodies, the nucleating structures of cilia. New work, including a study in 
this issue (Basto et al., 2006), highlights the unexpected finding that lack of centrioles does 
not impede development in the fruit fly. Rather, flies reach maturity but then die because 
their sensory neurons lack cilia.The centriole, a core component of the 
centrosome, is composed of a bar-
rel-shaped array of nine microtubule 
triplets. Animal cells typically possess 
two centrioles, mother (the older of 
the two centrioles) and daughter, that 
are arranged perpendicular to each 
other. The two centrioles are linked 
by interconnecting fibers and are sur-
rounded by a proteinaceous matrix 
known as the pericentriolar material 
(PCM). Although the composition of 
the PCM is largely unknown, several 
proteins such as ninein, centriolin, 
pericentrin, polo kinases, and γ-tubu-
lin are required for the nucleation and 
anchoring of microtubules, making this 
structure the major microtubule organ-
izing center (Rieder et al., 2001).1228 Cell 125, June 30, 2006 ©2006 ElseCentrioles and centrosomes have 
a dynamic life cycle that accompa-
nies cell duplication. During the G1 
to S phase transition, centrioles are 
duplicated, starting as procentrioles 
that emanate from existing structures. 
Later in the cell cycle, the duplicated 
centrioles play a pivotal role in cell 
division by organizing the poles of the 
mitotic spindle (Figure 1). However, an 
often overlooked fact is that the distal 
end of the mother centriole also acts 
as the basal body and is critical for 
the formation and support of cilia and 
flagella (Rieder et al., 2001). In this 
issue of Cell, Basto et al. (2006) show 
how acentriolar flies can develop nor-
mally but die early in adulthood due to 
a lack of sensory cilia.vier Inc.Despite their important role in cell 
division, centrosomes appear dispen-
sable in the organization of the mitotic 
spindle. Acentrosomal cells can 
progress through mitosis, although 
their fate depends on the cell type and 
organism. For example, in cultured 
monkey kidney cells, laser ablation of 
the centrosome does not impede the 
completion of the ongoing cell cycle 
but triggers cell-division arrest in the 
following G1-S transition (Hinchcliffe 
et al., 2001). In transformed HeLa 
cells, this checkpoint is lost and acen-
triolar cells not only divide but also 
possess a de novo centriolar assem-
bly pathway that allows them to con-
tinue dividing (La Terra et al., 2005). 
Although this phenomenon has been Figure 1. Centrioles in Cell Division and Ciliogenesis
(Upper panel) During the cell cycle, centrioles replicate and migrate to form the poles of the mitotic spindle, which are necessary for the segregation 
of chromosomes. However, centriolar dysfunction affects cell division differently in Drosophila and mammals. (Lower panel) Centrioles play a critical 
role in the formation of the basal body and the cilium. Consequently, centriolar loss might result in different phenotypic outcomes dictated by each 
species’ dependency on ciliary function.
observed in a number of cell types, it 
is not clear how common this mecha-
nism might be in vivo.
These observations lead to the 
prediction that the absence of centri-
oles should have devastating effects 
during development. However, Basto 
and colleagues (2006) now dem-
onstrate that, at least in the fruit fly, 
this is not the case. Previous work in 
flies hinted that disruption of centri-
oles might not impede development 
because flies with hypomorphic 
mutations in SAK, a polo-like kinase 
required for centriolar replication, 
develop into adults and then die 
due to the absence of cilia in their 
sensory neurons (Bettencourt-Dias 
et al., 2005). However, given that a 
significant fraction of cells retained 
functional centrioles, the extent of 
their requirement for development 
could not be fully appreciated. In the 
present work, the authors analyzed 
DSas-4, the fly ortholog of the human 
centrosomal protein CenpJ (defects 
in which cause microcephaly), and 
Caenorhabditis elegans Sas-4, a 
centriolar protein required for the 
replication of centrioles (Bond et 
al., 2005; Leidel and Gonczy, 2003). 
Using immunofluorescence and 
electron microscopy, Basto and col-
leagues (2006) show that DSas-4 is 
associated intimately with centrioles 
and required for centriolar replication 
in flies. Centrioles are progressively 
lost both in fly embryos injected 
with a DSas-4 antibody and in D-
Sas-4S2214 mutant embryos once the 
maternal protein stock is depleted. 
The authors show that D-Sas-4S2214 
mutant embryos lack centrioles in 
more than 90% of their cells after 1–
2 days of development. Importantly, 
despite not having centrioles, mutant 
flies can progress through both larval 
and pupal development in a seem-
ingly normal fashion.
This lack of centrioles impacted 
both the rate of mitosis and the effi-
ciency of asymmetric cell division; 
however, the mutant flies were indis-
tinguishable from wild-type animals. 
For instance, cells were able to 
assemble a bipolar spindle, nucleat-
ing microtubules from the chromo-
somes to achieve their segregation, even though the duration of mitosis in 
mutant D-Sas-4S2214 flies’ 3rd instar lar-
val brain cells was extended by 30%–
40%. The efficiency of asymmetric 
divisions, particularly important dur-
ing brain formation, was also affected. 
In fact, ?30% of DSas-4 mutant cells 
had problems in this aspect of devel-
opment, which in light of the homol-
ogy between D-Sas4 and CenpJ 
could provide important insights into 
the pathogenesis of microcephaly. 
However, the eventual size and mor-
phology of the brain in mutant flies 
was not affected, suggesting that, 
at least in Drosophila, acentrosomal 
cells are able to compensate for the 
lack of these structures.
Despite the ability of DSas-4 mutant 
flies to progress through development, 
the adults die soon after hatching due 
to a lack of coordination and general 
sensory dysfunction. Analyses of 
these animals showed that they lack 
cilia in their type I sensory neurons 
and sperm flagella, the only known cil-
iated cells in flies. These results sug-
gest that the role of centrioles in cilio-
genesis, rather than cell proliferation, 
is critical for life. Although these data 
are consistent with other centriolar 
mutant defects in flies, the observed 
phenotypes are significantly different 
from centriolar defects in other spe-
cies. In mice, centrioles and centro-
somes appear to be required during 
development and centriolar mutants 
are embryonic lethal because mouse 
Sak mutants arrest at E7.5 with defects 
in mitosis and increased apoptotic cell 
death (Hudson et al., 2001).
One potential explanation for these 
apparent differences might lie in the 
presence of a G1-S checkpoint, at least 
in mammalian cells. Both centrosomal 
ablation experiments (Hinchcliffe et 
al., 2001) as well as the phenotype 
of mice lacking Sak (Hudson et al., 
2001) are consistent with this hypoth-
esis. However, it is notable that Sak-
deficient mice do survive until E7.5, 
suggesting that their cause of death 
might lie beyond a simpler model of a 
cell division defect. Although the tim-
ing of the phenotype might be recon-
ciled with the persistence of maternal 
SAK protein, an underappreciated 
fact is that nearly all mammalian cell Cell 125, Jtypes are ciliated, or at least have 
the capacity to become so (Rieder 
et al., 2001). Moreover, cilia are now 
understood to not only mediate fluid 
flow and mechanosensation but also 
serve as paracrine signal transduc-
ers. Indeed, ciliary defects have been 
associated with perturbed signaling 
via Shh (Sonic hedgehog) and Wnt 
(reviewed in Badano et al., 2006; Fig-
ure 1). Therefore, it is possible that 
the phenotype of Sak-deficient mice 
could be attributable, at least in part, 
to failed morphogenetic signaling (or 
sensing of morphogens), which would 
have catastrophic consequences for 
the organism. Although this possibility 
needs to be formally tested (perhaps 
by establishing initially whether E7.5 
Sak-deficient mutant mice have cilia), 
this hypothesis is consistent with 
the somitic and neural tube defects 
observed in Sak-deficient mice and 
also in Shh and Wnt mutant animals.
Clearly, the role of centrioles in 
ciliogenesis is not sufficient to fully 
explain the mouse phenotype, and it 
is likely that the differences between 
the animal models reflect a combina-
tion of both more stringent cell-cycle 
control checkpoints and the degree of 
dependency on the integrity of ciliary 
function. Intriguingly, the cilium and 
its associated proteins are suspected 
of having a role in the regulation of the 
cell cycle. It has been proposed that 
the cilium might be able to regulate 
cell division and, as a consequence, 
proliferation rates in response to 
extracellular stimuli (Pazour and Wit-
man, 2003). It will be interesting to 
ablate the mammalian ortholog of 
SAS4 or other centriolar proteins in 
a spatiotemporally restricted manner 
and then examine the relative impact 
of centrioles in ciliogenesis, per-
haps by observing predictable ciliary 
phenotypes such as situs inversus 
and kidney cyst formation in older 
embryos or neonates. If the limiting 
function of these organelles in mam-
mals is truly ciliogenesis, one might 
predict organogenesis might pro-
ceed relatively normally, perhaps with 
an elevated frequency of aneuploid or 
apoptotic cells, but falter significantly 
at later stages, when cilia become 
essential.une 30, 2006 ©2006 Elsevier Inc. 1229
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Chromosomal aberrations recur-
rently contribute to malignant trans-
formation. Typically, deleted or 
amplified genomic regions cover 
large (rather than focal) areas, thus 
slowing down the identification of 
the specific genes driving tumori-
genesis. In two papers published in 
this issue of Cell (Kim et al., 2006; 
Zender et al., 2006), integrative 
cross-species analysis was used 
to narrow down the number of can-
didate oncogenes within amplified 
DNA segments (amplicons). This 
approach illustrates the power of 
genome-wide comparison of cog-
nate mouse and human tumors, as 
it identified genes found in regions 
commonly amplified in both species 
(Figure 1).
To study the genes involved in 
the metastasis of melanoma, Kim et 
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showed that these cell lines, rela-
tive to their parental counterparts, 
shared an amplified region of 850 
kb on chromosome 13 encompass-
ing eight genes. A region of much 
larger size, syntenic (preserved 
as “blocks” of genes across spe-
cies) with the amplified region in 
the mouse, is frequently observed 
in human melanoma. This ampli-
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in metastatic variants, suggesting 
that it might harbor a gene contrib-
uting to the metastatic potential of 
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gene, NEDD9, was the most likely 
candidate to enhance metastasis. 
Subsequent analyses of NEDD9 lev-
els in human melanoma indicated 
significant upregulation, with levels 
increasing as a function of tumor 
progression. Depletion of NEDD9 by 
RNA interference (RNAi) reduced the 
invasive capacity of melanoma cells 
and impaired experimental metasta-
sis in vivo, as seen for both murine 
and human cells. Interestingly, the 
metastatic potential of NEDD9 could 
be abrogated by knocking down 
focal adhesion kinase (FAK ), a gene 
previously implicated in invasive 
growth (Hess et al., 2005). NEDD9 
and FAK appear to colocalize in 
focal contacts, which result from 
NEDD9 overexpression. Therefore, 
this study not only identified a gene 
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